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Early detection of a disease is a key for prompt treatment, outbreak prevention, and 
reduction of mortality risk. Medical screening before diagnosis is a strategy to identify 
possible disease presence for suspected patients. Although the medical device industry 
has made significant advances in the last decades, the development of medical 
screening system is still a critical task in the medical device field. This thesis covers a 
broad area of such fields, from data processing studies and developments of medical 
screening systems for influenza, pediatric pneumonia, and major depressive disorder 
detection using machine learning methods such as random tree algorithms, to practical 
application of proposed systems at hospitals in Japan and Mongolia. Most important 
requirement for medical screening systems is accurate detection within a short duration. 
Furthermore, medical screening systems must be cost-effective and comfortable to 
patients. We focused on all these requirements when developing medical screening 
systems and conducted clinical trials at clinics and hospitals with actual patients. 
ChapterⅠintroduces the background of three diseases; influenza, pneumonia, and 
major depressive disorder and proposes machine learning method, that is, random tree 
algorithm. Also, it provides components of hardware, software developments, and roles 
of the vital signs for proposed diseases detection. 
ChapterⅡ reports design concepts of medical screening systems. Proposed influenza 
and pediatric pneumonia screening systems measure heart rate, respiration rate, and 
body temperature to detect the potential symptoms of the patients. Both systems are 
designed to predict disease presence within 10 s. Although researches on influenza 
screening system have been studied for several years, previous classification methods 
had some disadvantages. Combination of neural network and k-means method, which 
achieved comparatively high accuracy among previous studies, was time-consuming 
and had complications to implement in a practical application. However, random tree 
algorithm proposed in this study is rapid and simple. Additionally, most of the pediatric 
pneumonia mortality has taken place in developing countries, we developed a low-cost 
and portable screening system using a cost-effective microcontroller. Memory-effective 
implementation of random tree algorithm plays an essential role in the development of 
pediatric pneumonia screening system using memory-limited microcontroller. 
Major depressive disorder screening system uses heart rate and heart rate variabilities 
as a biomarker for its detection. We focus on the design of user-friendly, self-monitoring, 
and high accuracy system adopting random tree algorithm. 
 Chapter Ⅲ deals with our clinical trials of the medical screening systems conducted 
in Japan and Mongolia. Medical screening systems adopting random tree algorithm 
were evaluated with subjects with various clinical backgrounds, age, and health status. 
A clinical trial of the pediatric pneumonia screening system was conducted and 
evaluated among 1-14 years old, 106 children, including 57 patients, who were 
diagnosed with pneumonia by chest x-ray and 48 healthy volunteers. Proposed pediatric 
pneumonia screening system achieved sensitivity of 96.5%, specificity of 81.3%, positive 
predictive value of 85.9%, and negative predictive value of 95.1%. We validated the 
random tree algorithm application for influenza screening system with a total of 482 
subjects’ data collected from 2013-2018 influenza seasons. Although 40% of the 
influenza patients were nonfebrile, the proposed system achieved 96.2% sensitivity and 
96.0% negative predictive value. Depression screening system adopting random tree 
algorithm was evaluated with 14 normal volunteers and six major depressive disorder 
patients. The performance of random tree algorithm based major depressive disorder 
screening system was assessed by leave-one-out validation method with sensitivity of 
83.3%, specificity of 92.9%, positive predictive value of 83.3%, and negative predictive 
value of 92.9%. 
 Chapter Ⅳ sums up the results of this paper. Three medical screening systems 
revealed that machine learning-based medical screening systems could be used as an 
early and efficient detector of influenza, pneumonia, and major depressive disorder. 
Moreover, random tree algorithm has a great potential to be employed as a classifier for 
the medical screening systems enabling memory-effective, rapid and accurate detection 
of the diseases. According to the results of the clinical trials, all three medical screening 
systems implemented with random tree algorithm were faster than the conventional 
screening systems, as well as more comfortable and cost-effective. Overall, the 
developments of the medical screening systems can be valuable for reduction of 
mortality caused by the diseases because of their cost-effectiveness and user-friendly 
design, specifically for developing countries. 
